Abstract. This paper proposed an effective method of lightning stroke recognition. The characteristic of non-faulty lightning is that the correlation degree with the axis voltage approaches 1.This feature can identify lightning interference. The characteristic of the lightning failure is that when the flashover occurs, a large number of high frequency components in the lightning wave are immediately reduced; the characteristic of the ground fault is that contain less high frequency components. After wavelet transform, the ratio of high-frequency components caused by lightning stroke to middle and low frequencies components is larger than that of ground fault. This feature can be used to identify lightning fault and ground fault. This paper is based on the model of ±800kV UHVDC power transmission project from Yunnan to Guangdong, and simulation results show that the proposed method is effective.
Introduction
UHVDC transmission line has a high probability of being struck by lightning. The correct and fast identification technology of lightning interference is very important for the practical application of traveling wave protection and transient protection [1] [2] [3] [4] . Paper [5] [6] [7] [8] [9] [10] research the different identification methods of lightning faults. This paper study the characteristics of non-fault lightning, lightning strike and common short-circuit fault of UHVDC transmission line based on the time-domain waveform. The transient energy distribution characteristics of lightning and short-circuit fault signals from UHVDC lines in different frequency bands are further analyzed by wavelet transform. The simulation results show that the proposed method can correctly, quickly and effectively identify the lightning disturbance and lightning fault of UHVDC transmission line.
Lightning Simulation Model of UHVDC Transmission Line
This article adopts parameters that the ±800 kV UHVDC powers transmission project from Yunnan to Guangdong. The system boundary element and the control structure refer to the literature [10] . To build ±800 kV DC transmission line simulation model based on PSCAD/EMTDC electromagnetic transient simulation platform [11] [12] , as shown in Figure 1 . 
Analysis of Time-domain Waveform Characteristics of Lightning Fault and Grounding Fault
Sampling frequency selected 20kHz to simulation. The simulation sets the failure time of 0.505 s and the fault is located 500 km from the head of the line. The correlation between the pole voltage and the axis voltage is larger when non-faulty lightning. The characteristic of lightning fault or grounding fault is: The correlation between the fault pole voltage and the axial voltage is small, and the correlation between the normal voltage and the axial voltage is large.
The simulation waveform is as follows: 
Extracting Wavelet Transient Energy Characteristics
Select the bipolar DC voltage at the M point of Fig.1 to research, and adopt Karen Bauer phase mode transformation:
Analysis the difference between the axis line mode voltage and the positive value of transient voltage. Eq is:
Where:u m1 (t) denote DC linear mode voltage, u + (t) denote Positive line voltage of DC line, u -(t) denote negative line voltage of DC line.
The multi-scale wavelet transform is applied to discrete signals with sampling frequency fs. Now we define the signal wavelet energy at a certain scale as the integral of the wavelet transform coefficient along the time axis, with the following expression:
Where: E j is the j -layer high -frequency signal wavelet energy, W j (k)is the wavelet transform coefficient of the j layer high frequency signal, N denote the time window width. 
Analysis the Characteristics of the Energy Distribution for the Transient Voltage and Lightning Fault
The frequency of d6 ~ d7 and a7 have low energy when non-faulty lightning. The frequency of a7 have high energy when lightning fault or grounding fault. The frequency of d1~d3 of energy of lightning fault is higher than that of the grounding fault. Waveforms of transient line voltage and its wavelet multi-resolution decomposition is shown in figure 3 .Energy distribution of transient voltage is shown in table 1. 
Identification Criterion
The voltage sampling data within 5 ms of the initial traveling wave is analyzed. The formula is:
Where: U i is the positive and negative voltage axis value, U i is the pole voltage sampling value.
The correlation degree between the bipolar voltage and its axis voltage is more than 0.95 when lightning occurred without forming fault. The correlation between the fault pole voltage and its axis voltage is less than 0.9 when the fault occurs. The energy ratio K is less than 0.1 When the short circuit fault occurs, and the K value is greater than 0.1 when the impact and the reverse fault occur. So the pole voltage correlationγ=0.9as a set value to identify lightning interference, and with the energy ratio k=0.1 as lightning and short-circuit fault identification set value. Table 2 and table 3 for simulation results. And a large number of simulation results show the effectiveness of the criterion. 
Simulation Verification

Conclusion
(1) When the UHVDC transmission line is struck by lightning, the voltage dependence of the line is close to 1. This feature can be used as a criterion to identify lightning disturbance.
(2) The high-frequency components rapidly decay after flashover; Ground fault short-circuit fault by wavelet transform, the high-frequency energy than lightning failure small, which can identify lightning or ground fault short-circuit fault.
